Bilophila wadsworthia is a common inhabitant of the human colon and has been associated with appendicitis and other local sites of inflammation in humans. Challenge-exposure or prevalence studies in laboratory and other animals have not been reported. B. wadsworthia is closely related phylogenetically to Desulfovibrio sp. and Lawsonia intracellularis, which are considered colon pathogens. We developed a PCR specific for B. wadsworthia DNA. Samples of bacterial DNA extracted from the feces of pigs on six farms in Australia and four farms in Venezuela were examined. Specific DNA of B. wadsworthia was detected in the feces of 58 of 161 Australian and 2 of 45 Venezuelan pigs, results comprising 100% of the neonatal pigs, 15% of the weaned grower pigs, and 27% of the adult sows tested. Single-stranded conformational polymorphism analysis of PCR product DNA derived from pigs or from known human strains showed an identical pattern. Histologic examination of the intestines of weaned B. wadsworthia-positive pigs found no or minor specific lesions in the small and large intestines, respectively. B. wadsworthia is apparently a common infection in neonatal pigs, but its prevalence decreases after weaning. The possible role of B. wadsworthia as an infection in animals and in human colons requires further study.
Bilophila wadsworthia is a slow-growing, asaccharolytic, and obligately anaerobic bacillus, making it somewhat difficult for routine culture and identification (1, 2) . It has been cultured from the colon or feces of 50 to 60% of healthy adult humans, but generally in low numbers (ca. 10 3 to 10 6 CFU/g [wet weight]) (1, 2) . It has been strongly associated with pathogenic infections of intra-abdominal sites, such as appendicitis and cholecystitis (4) , as well as extra-intestinal sites, such as otitis (10, 23) . However, challenge-exposure studies in laboratory animals have not been reported. Endotoxic and procoagulant activities have been identified in B. wadsworthia (15) , and an in vitro study suggested that it may be able to attach to epithelial cells of the colon (8) . Separate subgroups or strains of B. wadsworthia have been indicated by DNA fingerprinting studies (9) . The possible isolation of B. wadsworthia from healthy or diseased nonhuman hosts has not previously been reported. Molecular studies, such as the identification of possible invasion or attachment genes or receptors, have not been reported.
Pigs are widely used as an animal model in comparative dietary and other biomedical studies. Healthy weaned pigs have a typical complex bacterial flora in their colon, including a remarkable variety of anaerobes (18, 19, 20) . Pigs with enteric diseases can develop alterations in this flora, with elevations of primary enteropathogens, such as Brachyspira hyodysenteriae or Lawsonia intracellularis, followed by elevations in the levels of other bacteria of non or doubtful pathogenicity, such as Acetivibrio ethanolgignens or Campylobacter mucosalis, respectively (12, 19) . The mere association of an organism with enteric disease is therefore not proof of its pathogenicity. B. wadsworthia is a member of the Desulfovibrionaceae and is closely related (Ͼ90% 16S ribosomal DNA [rDNA] sequence homology) to both Desulfovibrio sp. and L. intracellularis. The latter organism has been isolated from the intestines of a wide variety of host species, particularly pigs, rabbits, and hamsters (6, 13) and has recently been identified in rhesus macaque monkeys (10) . It causes marked proliferation of immature epithelial cells in the intestinal epithelium in the colon or small intestine of infected animals (6, 14) .
The aims of this study were to establish the prevalence of B. wadsworthia infection in healthy pigs in various age groups and to compare these organisms to human isolates.
MATERIALS AND METHODS
Pig feces samples. Feces were collected from pigs in six convenience-selected farms in Australia and four such farms in Venezuela ( Table 1) . The diet and housing of the pigs in both countries were similar; pigs were fed commercial meal diets of cereal base with added soybeans and vitamins. The farms were commercial enterprises using standard husbandry practices. The numbers of samples per age group are given in Table 1 . The clinical features of all B. wadsworthiainfected and noninfected pigs (such as weight gain, food conversion ratios, and diarrhea) were noted.
B. wadworthia DNA identification. DNA was extracted from feces by addition of 0.2 g of each sample into a commercial silica matrix kit, incorporating heating (56°C, 30 min), boiling (100°C, 8 min), and centrifugation steps (Instagene; Bio-Rad). The presence of bacterial DNA in each sample was confirmed by the incorporation of final elute into eubacterial specific PCR detection assays (primers p11E and p13B). Specific primers for B. wadsworthia were designed by processing of the 16S rDNA sequence for the type strain (ATCC 49260, GenBank accession no. L35148) through PRIMER software accessed from the Human Genome Mapping Project (HGMP), Cambridge, United Kingdom. The selected nested primers were the sense outer primer 5Ј-GAATATTGCGCAAT GGGC-3Ј and the antisense outer primer 5Ј-TCTCCGGTACTCAAGCGTG-3Ј, followed by sense inner primer 5Ј-CGTGTGAATAATGCGAGGG-3Ј and the antisense outer primer, giving a projected PCR product of 207 bp. The specificity of the design was confirmed by processing of the primer sequences through FIND PATTERN software, also accessed from the HGMP. This compared the DNA homology of these B. wadsworthia primer sequences to those of all other DNA sequences contained in the EMBO databases, also accessed via the HGMP. PCR reactions incorporating DNA samples from cultured strains of B. wadsworthia (ATCC 49260 and ATCC 51580) and related and unrelated bacteria were performed to confirm the PCR specificity. The conditions of the PCR reactions were 1 cycle of 94°C for 4 min, 60°C for 1 min, and 72°C for 1 min, followed by 28 cycles at the same temperatures but with 1 min per step, with a final extension step of 72°C for 4 min. The final reaction mixture (50 l, total volume) for each reaction contained 200 mM concentrations of the nucleoside triphosphates, 1 U of Taq polymerase, 100 nmol of each primer, 3% (vol/vol) dimethyl sulfoxide, 1.5 mM MgCl 2 , and 5 l of the final elute DNA preparation.
B. wadsworthia PCR products obtained from samples of porcine and human origin were compared by single-stranded conformational polymorphism (SSCP) analysis, as described previously (16) . Briefly, 10 l of PCR product solution was denatured in 0.3 M NaOH-1 mM EDTA by heating at 95°C for 5 min; cooled; mixed with 5ϫ loading buffer containing xylene cyanol, bromophenol blue, and 98% formamide; and then electrophoresed through a 6% nondenaturing polyacrylamide gel in 0.6ϫ Tris-borate-EDTA buffer for 16 h at 20°C. The voltage used was 4 W. Routine silver stains stained the entire gel, and the DNA patterns were assessed visually. Control PCR products from cultured B. wadsworthia DNA and unrelated DNA were incorporated into each gel.
Examination of infected pig colons. Necropsies were performed on three weaned pigs (obtained from farm 4) with B. wadsworthia DNA identified in their feces by PCR. Necropsy included gross and histologic examination of portions of the small intestine (jejunum and ileum) and large intestine (cecum, proximal colon, and mid spiral colon) by routine methods (12) . Control pigs with no detectable B. wadsworthia DNA identified in their feces from the same and 10 other farms were processed similarly.
RESULTS

B. wadworthia DNA identification.
Eubacterial DNA was identified in DNA extractions from each fecal specimen in this study. The identification of B. wadsworthia DNA in the feces of pigs is given in Table 1 . No specific clinical signs were noted in infected pigs.
The SSCP reactions of the PCR products of B. wadsworthia DNA from pigs and control bacteria of human origin are shown in Fig. 1 . PCR products from DNA extracted from pig feces showed an SSCP pattern similar to those of the human control bacterium, thus indicating species identity.
Examination of infected pig colons. The colon and other intestinal tissues of uninfected pigs were within normal morphologic limits. The colonic mucosa of the three infected pigs from farm 4 had mild colitis. These lesions were restricted to the proximal colon, with mild infiltration of the mononuclear cells and polymorphonuclear leukocytes around several (ca. 10%) crypts. No affected crypts were detected elsewhere in the small or large intestine. The numbers of mucosal mononuclear cells and polymorphonuclear leukocytes were within normal limits in the wider lamina propria of the affected and other colons. The other portions of intestine of these pigs were within normal morphologic limits.
DISCUSSION
We have established, by DNA detection techniques, that B. wadsworthia is harbored in the pig. This is the first record of this organism in nonhuman sources. It is apparently a common infection in neonatal pigs, being detected in 30 piglets tested from three farms. The source of this infection is likely to be the vagina, teats, or skin of the mothers of the piglets, which were contaminated with feces, but clear transmission data are lacking. The prevalence of the infection was reduced after the pigs were weaned onto solid food, with fewer adult pigs being found positive. However, we did demonstrate the organism in several Australian and in two Venezuelan pig farms, indicating that infection was not restricted to a single continent. We had no data to explain the variation in carriage between different pig farms. It is possible that variations in diet components may have been responsible. It is also possible that the cereal-based diet of weaned pigs or the milk-based diet of neonatal pigs acts to reduce or promote the carriage of B. wadsworthia, respectively, but there is no direct evidence of this. The stable microflora in adults may also act to reduce the carriage of this organism. Although the diet, gut length, and colonic flora of pigs are similar to those of humans, we have found no similar studies of the age-based prevalence of B. wadsworthia in humans and so cannot extrapolate our results further. It is also possible that humans, other animals, or environmental sources play a larger role in transmission. There is a lack of data on other sources of B. wadsworthia; it may be a common infection in many young animals.
The histologic and bacteriologic examination of positive colons did not indicate that B. wadsworthia was a primary cause lanes 1 to 3) , pigs 1 and 13 from farm 2 (lanes 4 to 5), suckling pigs 1 and 3 from farm 6 (lanes 6 to 7), grower pig 7 and breeder pig 5 from farm 6 (lanes 8 to 9), and a human cultured strain of B. wadsworthia (ATCC 51580) (lane 10). of significant lesions in the pigs examined. Pigs are widely used a models of gastroenteric pathology in humans, including models of bacterial infections (11); however, the limited nature of the investigation does not allow the exclusion of B. wadsworthia as an enteric pathogen in either species. It is possible that B. wadsworthia is part of the normal bacterial flora of both species but that it may play a pathogenic role when in high numbers in an enteric site or in an abnormal site. The use of animal models involving B. wadsworthia as a secondary agent may help to resolve this pathogenesis, particularly in relation to dietary changes.
The present study further indicates that extraction of DNA from feces and its use in specific PCRs can give valuable noninvasive information on enteric organisms. The use of SSCP analysis was considered a robust and straightforward method to show identity of PCR products to control DNA material. The SSCP results indicate the validity of the PCR DNA product results in this study of fecal bacteria. Studies of other complex microbial communities, such as soil and compost, have also indicated that SSCP techniques offer clear validation of PCR product DNA for bacterial identity (17, 22) . In this study, little variation was noted between the SSCP results from different strains of the one Bilophila species. This may indicate the unity of the various B. wadsworthia strains. A similar absence of variation in species SSCP results was noted in studies of certain other bacterial groups, such as methanogens and Bacillus subtilis (5, 7) .
